The switching behavior of fast ion conducting AgI-Ag 2 O-MoO 3 glasses has been investigated thoroughly, over a wide range of compositions within the glass forming region, proportioning a balance between glass matrix former (MoO 3 ) and glass matrix expander (AgI), in order to understand the switching mechanism of bulk samples with inert electrode. The ion transport, the agility to reach the threshold voltage (V th ), V th -composition (x) profile and thickness dependence of V th have been explained in the light of MottGurney model for electric field driven thermally activated ion hopping. A feature of alteration in memory behavior from reversible to irreversible, due to a change in electrode type from active to passive has been observed and discussed. Being a decoupled system, the V th -x profile exhibits a seemingly scattered nature while the glass transition temperature (T g ) -x profile increases monotonically, indicating a growing network connectivity. These two profiles together narrow down the composition region where the most thermally stable, fast switching performing samples, with a minimum power loss lie. During switching, a metallic filament forms between the two electrodes. Raman and Energy-dispersive X-ray spectroscopy studies find no traces of molybdenum, oxygen and electrode material in the filament.
1.

Introduction
Fast ion conducting (FIC), AgI-Ag 2 O-MoO 3 glasses have been investigated for nearly three decades, for their relatively high ionic conductivity in the solid phase at room temperature (10 -5 -10 -2 Ω -1 cm -1 ) [1] .
Most of these studies [1] [2] [3] [4] [5] [6] have been mainly focused on the ionic conductivity, glass formation, ionic transport, structure, transport models, etc. Particularly, various techniques such as, Infrared Spectroscopy (IR) [4] [5] , Raman Spectroscopy [7] , Impedance Spectroscopy [8] , high pressure transport behavior [9] [10] , Mechanical relaxation [11] [12] , Fourier Transform Raman Spectroscopy [13] , Nuclear Magnetic
Resonance (NMR) [13] [14] , X-ray absorption near edge structure (XANES) [15] , Extended X-ray absorption fine structure (EXAFS) [15] [16] [17] [18] [19] , Neutron diffraction [20] , AC conductivity [21] etc. have been used to probe the structure and understand the transport phenomena. With the help of these experimental investigations and theoretical studies using Reverse Monte Carlo method [22] [23] [24] the understanding of the structure and ionic conductivity of FIC glasses has been developed significantly. Further, several models have been proposed which include weak electrolyte model [25] , diffusion path model [3] , chemical model [26] , cluster model (for Borate and Phosphate glasses) [27] [28] , Model against AgI clustering (for Molybdate and Tungstate glasses) [20] , mixed iodine -oxygen coordination model [22] [23] [24] , fractal Nanochannel model [29] etc. to understand the transport behavior of FIC glasses. In addition, efforts have also been made to exploit these materials for different applications such as solid-state electrolytes in batteries, ambient temperature oxygen sensor, chemical sensor, electron beam recording materials [30] etc.
B. Vaidhyanathan et al. have earlier reported on the memory behavior of bulk silver iodide based FIC glasses with different glass formers, and of varying thicknesses; however, the thickness dependence of V th of these glasses has not been fully understood in their work [31] [32] . Also, their interpretation of switching mechanism differs considerably from the conventional perspective; for the metal-insulatormetal (MIM) structured cation based ionic memories, active metal anode gets oxidized and gets dissolved into the solid electrolyte and reduced to the cathode, forming metallic filament [33] [34] positive to negative bias cannot alter the memory from LRS to HRS in these samples. The reason behind the irreversibility has been discussed in terms of the switching mechanism and electrode type.
The present study suggests the possibility of using this FIC glass for resistive memory applications; it also reveals the role played by the electrode on the memory behavior, the criteria for better switching performance. In addition, the present study brings out an important understanding of the electrochemical processes that govern the switching mechanism of the bulk system with passive electrodes.
Experimental
A. Glass Preparation
Bulk, AgI-Ag 2 O-MoO 3 glasses have been prepared by microwave melting -metal plate quenching method. The fundamental idea behind AgI based solid electrolytes with high ionic conductivity at room temperature, is to hinder the α → β phase transition at lower temperatures, by introducing stabilizer ions into the lattice [35] , i.e. preserving the α-AgI at much lower temperature; in other words, a lower phase transition temperature [36] . This can be efficiently achieved by microwave irradiation technique; the β -α phase transition occurs at around 100 o C in this case [36, 37] . The microwave energy interacts with the crystal via phonon coupling and the low-lying transverse optic (TO) modes dominate; Ag + mostly moves in these low energy modes that leads to Frankel defects in the structure, allowing ionic conduction [37] . Argon laser; the exposure leaves a permanent visibly dark spot on the sample which is basically crystallization due to laser heating [13] . In order to avoid that, a near IR (NIR) source of 784.8 nm diode laser is used. Scanning Electron Microscope (SEM) and Energy-dispersive X-ray spectroscopy (EDS) study across the vertical cross section of the metallic filament in the switched portion of a sample has been performed in a high resolution ULTRA 55-GEMINI SEM.
C. Electrical Switching Experiment
The electrical switching experiments have been carried out using a Keithley source meter (model 2410)
controlled by Lab VIEW 6i (National Instruments). The source meter is capable of sourcing a current in the range of 0-21 mA at a maximum compliance voltage of 1100 V. Samples carefully polished to 0.20 mm thickness using 400 and 4000 grade emery sheet, are placed in between a spring loaded point contact top electrode and a flat plate bottom electrode made of brass.
Results and Discussions
A. Thermal Characterization; Glass Transition Temperature (T g ) and Composition
For any potential solid state device (SSD) material, scaling is an important factor to improve density, performance, power consumption and cost effectiveness. Apparently, higher scaling factor results in larger data size that reaches overheating point quicker, causing device malfunctioning, lack of data persistency and data loss. Thus, to attain chip level reliability, thermal characterization is an important concern not only in chip level but also in the bulk material. Differential Scanning Calorimetry (DSC) is a sensitive, non-perturbing thermo-analytic technique, primarily used to determine characteristic temperatures e.g. crystallization (T x ), melting (T m ), glass transition temperature (T g ) etc. and energetics of phase transition, thermal stability, conformational changes and to investigate thermodynamic properties [40] . causes increased network connectivity. However, this does not ensure better thermal stability. The glass stability factor, T x -T g , indicates the devitrification tendency of a glass when heated above T g . In the present results, the decreasing stability profile for S9 and S8 is interesting to note. As the network connectivity increases within the system, while the network essentially constitutes of covalent type bonds, a transition in conformational entropy takes place that results in stability downturn. This can be a matter of further research. The plateau region from S7 to S5 corresponds to the maximum glass stability for these samples, indicating a higher glass forming ability. With increasing AgI concentration, stability factor decreases towards S1 because of AgI crystallization. Hence the DSC study, on one hand, classifies the composed samples based on their thermodynamic attributes and on the other, provides a preliminary insight into the structural counterpart of thermal behavior and composition.
B. Memory type Electrical Switching Behavior
The input direct current, which is a triangular pulse which increases from 0 to I max (for this particular study, I max = 1 mA) and then decreases to 0 in steps of 0.01667 mA (approx.) with a time period of 0.125 seconds for each step, is passed through the sample (Figure 3a ) and the voltage developed across the sample is measured simultaneously (Figure 3b ). AgI-Ag 2 O-MoO 3 glass normally has a very high resistance (~ 10 MΩ) and can be considered to be in ON state. As the current increases gradually to the value of threshold current, I th , the voltage across the electrodes increases to the maximum value (from A to B, Figure 3b ) called threshold voltage, V th . Beyond I th , the voltage drops abruptly (from B to C, Figure   3b ) and any further change in applied current cannot reshape the voltage profile significantly (from C to E, Figure 3b) . In other words, the effective volume of the electrolyte that is in contact with the electrodes latches permanently at a very low resistance state. Unlike the RESET current impulse for chalcogenide glasses [42] 
C. The Switching Mechanism
The switching phenomenon has been understood in the framework of cation based resistive switching mechanism [33, [43] [44] [45] that involves an electrochemical metallization process. Principally, the active anode oxidizes and produces cations (M → M + ze ) that migrate across the solid electrolyte as a result of applied electric field. This migration follows the Mott-Gurney model for electric field driven, thermally activated ion hopping [45] . The dependence of ionic current density (i) on electric field (E) is given by:
Where c is the mobile cation (M ) concentration, α is jump distance of ions, ν is a frequency factor, k is Boltzmann's constant, T is temperature, W is a symmetric energy barrier for thermally activated ion hopping; electric field, E = ∆φ d ⁄ ; where ∆φ is the potential drop across the electrolyte and d is the thickness.
As these cations reach to the inert cathode, cathodic deposition takes place (M + ze → M) and a successive coagulation of cations causes the metallic filament formation between two electrodes, inverting the state into low resistance state (LRS). The RESET occurs when the electrode polarity is altered and as a result, active electrode oxidation ceases to happen.
In this present study, point contact bronze electrodes are used; thus the anode oxidation and dissolution does not take place because of higher contact potential between electrode and electrolyte. Once the filament is formed, it works like a unipolar fuse that remains unchanged with electrode polarity alteration. Furthermore, an effort to melt the filament thermally with RESET current impulse can deform the neighboring glass matrix. So, clearly, the electrode and contact types are so important that just by changing them from low work function active electrode [34] to a high contact potential inert electrode alters the memory type from reversible to irreversible. The second aspect to understand the V th -x profile comes from the context of its roughly increasing nature. AgI-Ag 2 O-MoO 3 is a decoupled system i.e. in this solid electrolytic glassy system, all the physical processes that are associated with the network structure and ion transport are decoupled [46] .
D. V th and Composition
Hence the increment of V th , because of lessening of mobile ion concentration in the glasses with higher MoO 3 concentration, is not as well defined as T g -x profile in Figure 2 . And the importance of this decoupled system lies in the fact that electrochemical applications in the decoupled system are possible below T g with significant cation mobility, that distinguishes it from coupled system [47] . A requirement for higher temperature to initiate electrochemical processes and hence, the electrical switching in a system would be costly and vulnerable to heat induced damages. Moreover, the thickness dependence of V th is also evident from Equation 2.
E. SEM and Raman; Evidence of Cathodic Oxidation
Microstructures of the surface of un-switched sample (Figure 5a , for a composition region where Ag 2 O/MoO 3 < 1 [13] . After switching, a coagulation of silver occurs due to filament formation which exhibits an intensity enhancement of Ag-I mode and a complete absence of Mo-O modes of molybdate. Figure 5e shows a schematic of the filament formation and the switching mechanism. observed in Au/SrTiO 3 /Pt system where the switching mechanism is based on Oxygen transport and dislocations [48] . This evokes to reconsider the oxidation reaction in anode speculated earlier [31] . The oxidation reactions have been suggested as follows: A comparative Raman study, along with SEM and EDS study, between un-switched and switched sample confirms an agglomeration of silver and iodine during switching, without any traces of molybdenum, oxygen and electrode material. SEM image near the anode exhibits bubble formation that is analogous to oxidation reaction near anode which is related to corrosion due to the electrochemical process. This also confirms the earlier claim of oxidation reaction in the sample but opposes any evidence ofanionicmigration and any contribution of molybdenum and oxygen in the formed filament. Thus, taken together, firstly, the central composition, (AgI) 50 (Ag 2 O) 25 (MoO 3 ) 25 , is a thermally stable, decoupled system with better electrochemical and switching performance below T g , exhibits most efficient switching behavior with a smaller value of V th and less power loss because of the presence of balanced mixed iodine -oxygen coordination. Secondly, the memory behavior can be exploited further by changing the electrode type from active to passive that initiate oxidation reaction in the vicinity of anode -electrolyte interface.
